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The complexity of Class A Saturn-bound
Cassini spacecraft power system stems mainly
from the unusual constraints and de sign
requirements that are imposed on the desig n of
its power converlers. The factors influencing,
the design include: Radioisotope Thermal
Generator (RTG) as the clectrical power source
and its electrical characteristics, output power
requirements, environmental considerations
such as high radiation level, broad temperature
excursion, clectromagnetic compatibility,
conducted susceptibility and radiated and
conducted missions, pulse-load opcration, fault
protection, mass, volume and cfficiency.

The power converter units (PCUs) designed
for the Cassini spacecraft system were subject to
several unique (unusual) design constraints in
addition to the standard requirements placed on
any space mission of long duration. This papes
describes these design constraints, discusses the
problems that arise from them, and presents
some performance data (Ref. 1 and 2)

The major design requirements are
summarized in the following list:

Synchronization

input/output isolation

Stringent low frequency radiated 1MI limits

Conducted 1M1

MIL.-STD high frequency EMI limits

Input and output common-mo de emissions

1.ow-noise outputs

Single event upset effects

Stringent pulse load regulation for M1l .-

STD-15538 Bus

Transient cr oss-regulation

100-krad (St) tolerance

1 fticiency > 80%

Multiple outputs (3to 9)

12-year minimum life in space

Stringentinputimpedance limit

Power hold-up

Commonality considerations

input voltage design range: 22-35 volls
Output powerrange: 1-36 watts
No-load opt]-ation

Overvoltage protection

Power status monitoring

Component restrictions

Critical Design Requirements

While all the require ments listed above had
10 be taken into account inthe design, one
particular subset of requirements posed special
difficulties because Of their inherently
contradictory nature. These requirements were
the inputimpedance limitation, transientload
response, and transicent cross-regulation. This
section discusses some of the implications of
these requirements.

The spacecraft specification calls for an
inputimpedance limit (looking into the
converter) of
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where Ide is the input current, fis frequency,
and Vs represents the nominal bus voltage. In
order to meet this requirement, the conducted
1EM1 specification, and provide sufficient
converter stability margin, a filter with an
uncommonly large inductance and an
uncommonly small capacitance is required.
This seriously impacts load voltage transient
behavior, particularly in view of the stringent
load transient requirements. 1t would in genceral



be preferable to have a relatively large
capacitance to help support the transient load.
The input filter for a 10 W converter is shown in
Fig. 1,
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Figure 1. Input Filter Schematic Circuit
Diagram

The transient load for MII.-STD-1553BBus
Interface Unit (BIU) occurs on the 5 Vde output
and has a magnitude of 0.9A. Transient loads as
high as 2.7A (3B1Us) are required in some
PCUs. This transient occurs at loads, from
approximately 10°/0 load to 100% load at 10%
load steps, The design requirementisto keep
the 5 Vdc output entirely within a 4 2°A
regulation band (100 mv) during the transient.

Another difficulty is pulse load cross-
regulation, i.e., disturbances caused on the
secondary outputs due to the transient loading
on the main (5 Vdc) output, For efficiency
reasons, the auxiliary outputs are magamp
regulated. When the 5 Vdc output is pulsed, the
converter’s duty cycle must increase
immediately in order to maintain the 5 V output,
This results in a large and rapid increase or
decrease in the volt-seconds applied to the
magamp. To counteract this increase, the
magamp control circuit must respond as quickly
as possible,

The use of magamps leads to difficulties
in stabilizing the converters. Because the
converter is current-mode controlled and the
total output power of the auxiliary outputs is
near or exceeds that of the main output under
nominal conditions, the magamp input
impedance can cause severe distortion of the
converter's loop gain, especially under light
load conditions. The interaction is most severe
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near the magamp’s filter resonance when the
input impedance is minimum. To stabilize the
input impedance (as well as improve transient
cross regulation) weadded a second feedback
loop (Fig. 2) that senses the volt-seconds
applied to the filter. This is not a feed-forwald
loop as the sense point lies after the magamp

modulator.
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Figure 2. Magamp Feedback 1.oop

The Cassini science Instt uments require very
quiet power supplies, For example, ripple plus
spikes must be below 5 mv p-p for proper
instrument performance. In addition, common-
mode (CM) noise has proven to be an insidious
problem in past missions. in a scientific
spacecraft such as Cassini, it is not desirable to
shunt the CM currents to the chassis using feed-
through capacitors and baluns. The currents
injectedinto the chassis are a secondary source
of EM 1. Structure current is known from past
experience to be one of the primary causes of
interference with various scientific expel-injcnts
particularly those involving plasma wave
science.

Common-mode noise is caused by parasitic
capacitive coupling between primary and
secondary transformer windi rigs. It has been
long recognized that a prin~ary/secondary
electrostatic shield is an effective method for
reducing CM noise. However, it has not been
appreciated, to our knowledge, that secondary to
secondary parasitic capacitance causes
circulating “common-mode” noise current
between secondary outputs. These currents
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which never appear in measurements of input
line CM noise (which is the. only requirement
levied by the spacecraft) canbe asource of
upset to the attached instrument,

The method we have implemented does not
require shunting CM currents to the spacecraft
structure, does not require an EMI enclosure to
be effective, and suppresses both input and
output CM currents regardless of the number of
outputs. The filtering scheme is shown in
Figure 1, It is simply a two-stage CM filter.
Another advantage of a two-stage filter is that
the choke design is somewhat easier since the
shunt capacitance, while impel-tant, is not as
critical as it would be in a single-stage CM
filter. in our design the second filter stage
provides an additional 40 dB of CM noise
rejection. This scheme provides little protection
against CM currents injected into the supply
other than that provided by the series impedance
of the CM chokes. Suppression of incoming
CM requires introducing a shunt path to the
chassis.

(ommon-mode requirements are specified
only for the input. Output CM noise is
troublesome in the many sensitive instruments
aboard Cassini. As a result of analysis and test,
a design requirement was established in order to
keep the output CM current below 6
microamperes. This was done to insure proper
operation of sensitive instruments.

The instrument designer has levied
requirements cm thePCU designer. Some of
these requirements are as follows: power-on-
reset (POR) signal, undervoltage lockout,
overvoltage protection (+5 Vdc output) and
maximum allocated printed circuit board (PCB)
areafor the PCU.

It was important for cost and schedule
considerations to reuse as much of the design as
possible for each converter. PWM circuits,
housekeeping power supplies, drive circuits,
synchronize ng circuits and output regulators of
identical design were used in all converters,

The requirement to use class S components
restrict the choice of PWMs, FETs, and

magnetic materials,
geometries.

Solid tantalum and ceramic capacitors are
used extensively in all PCUs. They exhibit low
variation in capacitance and }:SR down to -30°
C. However,the application of solid tantalum
capacitors requires detailed knowledge and
understanding of MII.-C-39003/10 and M1I.-
HDB-978-B documents. Surge current rating
and parallel operation are critical characteristics
to consider. Wet slug tantalum capacitors which
have limited application have unstable
capacitance and F SR characteristics at low
temperature. As a result, they have long been
the bane of designs that must operate over large
temperature ranges while maintaining fast
response to transient loads and low ripple
voltage levels.

and magnetic coie

Design Approach

Both push-pull and forward converter
topologies were examined. Based on trade-off
analyses, both topologies were used. A forward
converter using synchronous rectification was
designed and built. An efficiency gain of
approximately soso over the Schottky diode
implementation was achieved (Ref.3). This
topology, however, was not extensively used
because of PC board area constraints. Fig.3
shows block diagram of a ¢ merit Cassini
spacecraft power converter.
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Figure 3. Block Diagram of a Generic Cassini
Spacecraft Power Converter
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